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(URVLyQPLQHUDHQODFXHQFDGHODUUR\R3HxDOpQ 
3DUTXH1DWXUDOGHO$OWR7DMR*XDGDODMDUD
0LQLQJHURVLRQDQGHQYLURQPHQWDOSUREOHPVRIWKH3HxDOpQVWUHDP
FDWFKPHQW$OWR7DMR1DWXUDO3DUN*XDGDODMDUD
&0DUWtQ0RUHQR1-)0DUWtQ'XTXH2-01LFRODX3$0XxR]4,=DSLFR5
1ௐ'SWR GH*HRGLQiPLFD8QLYHUVLGDG&RPSOXWHQVH GH0DGULG& -RVp$QWRQLR1RYDLV  0DGULG (VSDxD
FULVPDUWLQ#JHRXFPHV
2ௐ'SWRGH*HRGLQiPLFDH,QVWLWXWRGH*HRFLHQFLDV&6,&8&0&-RVp$QWRQLR1RYDLV0DGULG(VSDxD
MRVHIFR#XFPHV
3ௐ'SWRGH&LHQFLDV$JUDULDV\GHO0HGLR1DWXUDO8QLYHUVLGDGGH=DUDJR]D&DUUHWHUDGH&XDUWHVQ+XHVFD
(VSDxDQLFRODX#XQL]DUHV
ௐ'SWR GH*HRGLQiPLFD8QLYHUVLGDG&RPSOXWHQVH GH0DGULG& -RVp$QWRQLR1RYDLV  0DGULG (VSDxD
DPXQR]#JHRXFPHV
ௐ'SWRGH*HRGLQiPLFDH,QVWLWXWRGH*HRFLHQFLDV&6,&8&0&-RVp$QWRQLR1RYDLV0DGULG(VSDxD
L]DSLFR#LJHRXFPFVLFHV
5HVXPHQ/D FXHQFD GH 3HxDOpQ VH ORFDOL]D HQ OD =RQD 3HULIpULFD GH 3URWHFFLyQ GHO 3DUTXH
1DWXUDO GHO$OWR7DMR *XDGDODMDUD (VWD FXHQFD SRVHH ODGHUDV ODUJDV GH SHQGLHQWH HOHYDGD
(QHOODVHVLW~DODPLQDLQDFWLYD6DQWD(QJUDFLDFRQGRVIUHQWHVGHH[SORWDFLyQ/DVHYHULGDG
GHORVSURFHVRVHURVLYRV WDQWRHQODV ODGHUDVFRPRHQODPLQDFRQGLFLRQyODFRQVWUXFFLyQGH
XQD VHULH GH GLTXHV GH FRUUHFFLyQ KLGUROyJLFD eVWRV IXHURQ HULJLGRV HQ WUHV SHULRGRV 
 \  FRQ HO REMHWLYR GH UHWHQHU VHGLPHQWRV \ SDUD µHVWDELOL]DU¶ FDXFHV \ ODGHUDV(Q
HVWH WUDEDMR VH H[SOLFDQ ORVSURFHVRV HURVLYRV\ HOÀXMRGH VHGLPHQWRVGH OD FXHQFD WDPELpQ
VH FXDQWL¿FDQ OD SURGXFFLyQ GH VHGLPHQWRV GH ODV HVFRPEUHUDV FRQHFWDGDV FRQ OD UHGÀXYLDO
3DUDHOORVHKDUHFRQVWUXLGRXQ0'(TXHUHSUHVHQWDVXWRSRJUDItDRULJLQDO\VHKDFDOFXODGRHO
YROXPHQGHPDWHULDOHVHURVLRQDGRV7DPELpQVHKDFXELFDGRHOYROXPHQGHVHGLPHQWRVUHWHQLGRV
HQGRVGLTXHVPHGLDQWHWRPRJUDItDHOpFWULFD)LQDOPHQWHVHKDQUHODFLRQDGRODVSUHFLSLWDFLRQHV
RFXUULGDVHQHOLQYLHUQRFRQHOYROXPHQGHVHGLPHQWRVUHWHQLGRHQORVGLTXHVSDUD
HVWHPLVPRSHULRGR/RVUHVXOWDGRVPXHVWUDQXQYDORUPHGLRGHHURVLyQSDUDODVHVFRPEUHUDVGH
0JKDDxRFRUUHVSRQGLHQWHDP30J(OYROXPHQGHVHGLPHQWRVUHWHQLGRV
HQ ORVGLTXHVHVGHP3 0JGH ORVFXDOHVXQDSDUWHSURFHGHQGH ODV ODGHUDV\
RWUDGHODVHVFRPEUHUDV(ODQiOLVLVGHODSUHFLSLWDFLyQ\HOUHOOHQRGHORVGLTXHVLQGLFDTXHXQDV
SUHFLSLWDFLRQHVQRH[FHSFLRQDOHVFROPDWDURQORVGLTXHVHQDSUR[LPDGDPHQWHXQPHVVLHQGRHO
YROXPHQGH VHGLPHQWRV UHWHQLGRGH P3 0J(VWRV UHVXOWDGRV DSXQWDQ D XQD DOWD
DFWLYLGDGHURVLYDµQDWXUDO¶DFHQWXDGDSRUODDFWLYLGDGPLQHUD7RGRHOORVHKDWUDGXFLGRHQXQ
LQFUHPHQWRLPSRUWDQWHGHODHPLVLyQGHVHGLPHQWRVGHVGHHVWDFXHQFDKDFLDHOUtR7DMR
3DODEUDVFODYHGLTXHVGHFRUUHFFLyQKLGUROyJLFDHURVLyQPLQHUDLPSDFWRDPELHQWDOSURFHVRV
JHRPRUIROyJLFRVDFWLYRVWRPRJUDItDHOpFWULFD
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Abstract: 7KH 3HxDOpQ ZDWHUVKHG ORFDWHG LQ WKH EXIIHU ]RQH RI WKH $OWR 7DMR 1DWXUDO 3DUN
*XDGDODMDUD 6SDLQ LQFOXGHV WKH 6DQWD (QJUDFLD LQDFWLYH PLQH ZLWK WZR FRQWRXU PLQLQJ
ZRUNLQJDUHDV7KHVHYHULW\RI WKHHURVLYHSURFHVVHVERWK LQQDWXUDOVORSHVDQGPLQHGDUHDV
SURPSWHG WKHFRQVWUXFWLRQRIDVHULHVRIFKHFNGDPV LQ WKUHHSHULRGV DQG
7KHLU SXUSRVHZDV WR WUDS VHGLPHQWV DQG WR µVWDELOL]H¶ ERWK VWUHDPV DQG VORSHV 7KH HURVLYH
SURFHVVHVDQGWKHÀX[RIVHGLPHQWVZLWKLQWKLVZDWHUVKHGDUHH[SODLQHGLQWKLVZRUNKDYLQJDOVR
TXDQWL¿HG WKHHURVLRQDQGVHGLPHQW\LHOGRI WKHPLQHVVSRLOKHDSVFRQQHFWHGZLWK WKHÀXYLDO
QHWZRUN7KH0'(RIWKHRULJLQDOVSRLOKHDSWRSRJUDSK\ZDVWKXVUHFRQVWUXFWHGDQGWKHYROXPH
RIWKHHURGHGPDWHULDOVZDVFDOFXODWHG7KHYROXPHRIWKHWUDSSHGVHGLPHQWVLQWZRFKHFNGDPV
ZDV GHWHUPLQHG XVLQJ JHRSK\VLFV WHFKQLTXHV HOHFWULFDO LPDJLQJ )LQDOO\ WKH SUHFLSLWDWLRQ
FKDUDFWHULVWLFV RI WKH ZLQWHUZHUH DQDO\]HG WR UHODWH WKHPZLWK WKH YROXPH RI WKH
VHGLPHQWWUDSSHGLQWKHFKHFNGDPVGXULQJWKLVVDPHSHULRGRIWLPH7KHUHVXOWVREWDLQHGVKRZ
DKLJKHURVLYHDFWLYLW\RQDYHUDJH0JKDyrFRUUHVSRQGLQJWRP0J7KH
WRWDOYROXPHRIVHGLPHQWVWUDSSHGLQWKHFKHFNGDPVLVP0JSDUWRILWFRPLQJ
IURPWKHJXOOLHVDQGµQDWXUDO¶VORSHVDQGPRVWRILWIURPWKHPLQLQJVSRLOKHDSV7KHDQDO\VLV
RI WKHUHODWLRQVKLSEHWZHHQVHGLPHQWVWUDSSHGLQWKHFKHFNGDPVDQGSUHFLSLWDWLRQVKRZVWKDW
XQH[FHSWLRQDOSUHFLSLWDWLRQHYHQWVZHUHFDSDEOHWRJHQHUDWHWKH¿OOLQJRIWKHFKHFNGDPV
m0JZLWKLQDSSUR[LPDWHO\RQHPRQWK7KHVHUHVXOWVSRLQWWRDKLJKµQDWXUDO¶HURVLYH
DFWLYLW\ZKLFKKDVEHHQKLJKO\DFFHQWXDWHGE\WKHPLQLQJDFWLYLW\7KLVKDVEURXJKWIRUZDUGVD
FRQVLGHUDEOHLQFUHDVHLQWKHYROXPHRIVHGLPHQWVWRWKH7DMR5LYHU
.H\ZRUGVDFWLYH JHRPRUSKRORJLF SURFHVVHV FKHFN GDPV HOHFWULFDO LPDJLQJ HQYLURQPHQWDO
LPSDFWPLQLQJHURVLRQ
,1752'8&&,Ï1
(QORVHVWXGLRVGHHURVLyQDQLYHOGHFXHQ
FDXQRGHORVDVSHFWRVEiVLFRVHVODLGHQWL¿
FDFLyQGHODVSULQFLSDOHViUHDVIXHQWHGHVHGL
PHQWR
/DLGHQWL¿FDFLyQGHODViUHDVIXHQWHVHKD
DERUGDGR FRQ GLVWLQWDV WpFQLFDV GHSHQGLHQGR
GH ODHVFDODGHHVWXGLR SH HVFDODGH ODGHUD
\HVFDODUHJLRQDO\GHORVREMHWLYRVGHOHVWX
GLR$VtGHVWDFDQDSUR[LPDFLRQHVUHDOL]DGDVD
SDUWLUGHLQIRUPDFLyQJHRJUi¿FD¿VLRJUi¿FD
OLWROyJLFD\GHXVRVGHOVXHORRODDSOLFDFLyQ
GHPRGHORVGHHURVLyQ2WURVWUDEDMRVLGHQWL
¿FDQHVWDViUHDVDSDUWLUGHODVFDUDFWHUtVWLFDV
HVSHFLDOHVGHORVVHGLPHQWRV
/DV PHGLGDV GLUHFWDV GH HURVLyQ VH UHD
OL]DQ PD\RULWDULDPHQWH D SHTXHxD HVFDOD \
SDUD XQ SHULRGR FRQFUHWR GH WLHPSR SRU OR
TXH OD HVWLPDFLyQ GH OD HURVLyQ RQVLWH \ OD
SURGXFFLyQ GH VHGLPHQWRV SDUD XQD FXHQFD
SXHGH VHU FRPSOLFDGD (VWR VH GHEH SULQFL
SDOPHQWH D TXH HQ XQD FXHQFD ORV SURFHVRV
HVWiQLQWHUUHODFLRQDGRVRFXUUHQSURFHVRVµHQ
FDVFDGD¶ \ D OD IDOWD GH LQIRUPDFLyQ HVSH
FLDOPHQWHFXDQGRVHDERUGDQHVWXGLRVDHVFDOD
UHJLRQDO0XFKRVDXWRUHVFRPRDOWHUQDWLYDD
ORVSUREOHPDVGHGLVSRQLELOLGDGGHGDWRVKDQ
HVWXGLDGR ORV VHGLPHQWRV UHWHQLGRV HQ ODJRV
\HPEDOVHV HVWXGLRVDHVFDOD UHJLRQDOR ORV
VHGLPHQWRVUHWHQLGRVHQSHTXHxRVHPEDOVHVR
GLTXHVGHFRUUHFFLyQKLGUROyJLFDHVWXGLRVGH
FXHQFDVGHPHQRUWDPDxRSH5RPHUR'tD]
et al.
(Q HVWH HVWXGLR FRQWLQXDFLyQ GHO WUDEDMR
0DUWtQ0RUHQR et al.  SUHVHQWDGR HQ
OD;5HXQLyQ1DFLRQDOGH*HRPRUIRORJtDVH

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KDFXDQWL¿FDGRODHURVLyQ\ODSURGXFFLyQGH
VHGLPHQWRVSDUDGLVWLQWRVFRQWH[WRVHVSDFLDOHV
\WHPSRUDOHVGHODFXHQFDGHODUUR\R3HxDOpQ
VLWXDGD HQ OD =RQD 3HULIpULFD GH 3URWHFFLyQ
=33GHO3DUTXH1DWXUDO GHO$OWR7DMR3UL
PHUR VH KD FXDQWL¿FDGR OD HURVLyQ RFXUULGD
HQ WUHV HVFRPEUHUDVPLQHUDV FRQHFWDGDV D OD
UHG ÀXYLDO'HVSXpV VH KD FXELFDGR HO YROX
PHQ WRWDO GH VHGLPHQWRV UHWHQLGR HQ GRV GL
TXHVGHFRUUHFFLyQKLGUROyJLFD7DPELpQVHKD
UHODFLRQDGR ODSUHFLSLWDFLyQRFXUULGDGXUDQWH
HOLQYLHUQRGHFRQORVVHGLPHQWRV
UHWHQLGRVHQORVGLTXHVHQHVWHPLVPRSHULRGR
(OREMHWLYRSULQFLSDOHVUHDOL]DUXQDDSUR[LPD
FLyQD ODFXDQWL¿FDFLyQGH ODHURVLyQ\D ORV
ÀXMRVGHVHGLPHQWRVGHHVWDFXHQFD
=21$'((678',2
/DFXHQFDGH3HxDOpQ VH VLW~D HQ OD=33
GHO3DUTXH1DWXUDOGHO$OWR7DMRHVWHHVSDFLR
WDPELpQ HVWi LQFOXLGR HQ OD =(3$$OWR 7DMR
(6\HQHO*HRSDUTXH&RPDUFDGH
0ROLQD$OWR7DMRHQ ODSURYLQFLDGH*XDGD
ODMDUD
(VWHHQWRUQRVHFDUDFWHUL]DSRUXQSDLVDMH
GHKRFHV\FDxRQHVHQFDMDGRVHQSODWDIRUPDV
\SDUDPHUDVPHVDVHQHOTXHGHVWDFDQODFD
OLGDGGHODVDJXDVGHVXVUtRV\ORVHFRVLVWHPDV
OLJDGRVDOPHGLRÀXYLDO/DOLWRORJtDODFRP
SRQHQ HVHQFLDOPHQWH URFDV FDOL]DV \ DUHQDV
VLOtFHDVFRQQLYHOHVGHFDROtQ)DFLHV8WULOODV
(Q ODVPHVDV ORV VXHORV VRQ SULQFLSDOPHQWH
OXYLVROHV FUyPLFRV \ FDPELVROHV FDOFiULFRV
ODV ODGHUDV HVWiQ FXELHUWDV SRU FROXYLyQ FDU
ERQiWLFRFRQFDPELVROHVFDOFiUHRV(OFOLPD
HVPHGLWHUUiQHRWHPSODGRFRQYHUDQRVVHFRV\
VXDYHVFRQLQÀXHQFLDFRQWLQHQWDO/DSUHFLSL
WDFLyQPHGLDDQXDOHVGHPP\ODWHPSH
UDWXUDGH&(QFXDQWRDODYHJHWDFLyQ\D
ORVXVRVGHOVXHORSUHGRPLQDQORVSLQDUHVPi
nus nigra ssp. Salzmanii\TXHMLJDUHVQuer
cus faginea\PLQRULWDULDPHQWHODV]RQDVGH
FXOWLYRGHVHFDQR
/DFXHQFDGH3HxDOpQWLHQHXQiUHDGH
KD/DDOWLWXGPi[LPDHVGHP\ODPtQL
PDGHPGHVQLYHODEVROXWRGHPHQ
XQRVNP(VWHJUDQGHVQLYHO\VXORFDOL]D
FLyQHQHOERUGHGHODSDUDPHUDIDYRUHFHQORV
SURFHVRV JHRPRUIROyJLFRV DFWLYRV (O DUUR\R
GH3HxDOpQ GH  NPGH ORQJLWXG HV WULEX
WDULRGHODUUR\R0HUGHURHOFXDODVXYH]HV
DÀXHQWHGHOUtR7DMR(ODUUR\R3HxDOpQHQVX
WUD\HFWRULDVDOYDXQGHVQLYHOGHPSRUOR
TXH HQ VX SHU¿O ORQJLWXGLQDO WLHQH XQD SHQ
GLHQWHPHGLDHOHYDGDa
(QHVWDFXHQFDVHVLW~DHOSXHEORGH3HxD
OpQ\ODPLQDLQDFWLYD6DQWD(QJUDFLDFRQGRV
IUHQWHVGHH[SORWDFLyQIUHQWHGHOFHPHQWHULR\
IUHQWHGHODSLVWDD3RYHGD)LJXUD(OIUHQWH
GHOFHPHQWHULRIXHHOSULPHURHQDEULUVHHQOD
GpFDGDGH7UDVXQRVDxRVGHH[SORWDFLyQ
ORV WUDEDMRV FHVDURQ YROYLHQGR D LQLFLDUVH HQ
\DEULpQGRVHWDPELpQHOIUHQWHGHODSLVWD
D3RYHGD3RFRGHVSXpVVHGHMyGHWUDEDMDUHQHO
IUHQWHGHOFHPHQWHULR\VHFRQWLQXyODDFWLYLGDG
HQHOIUHQWHGHODSLVWDKDVWD
(VWDFXHQFDKDVLGRREMHWRGHDFWXDFLR
QHVGHFRUUHFFLyQKLGUROyJLFDODVFXDOHVFRQ
VLVWLHURQ HQ OD FRQVWUXFFLyQ GH XQD VHULH GH
GLTXHVGHJDYLRQHV
/DSULPHUDDFWXDFLyQVHHMHFXWyHQ\
FRQVLVWLyHQ ODFRQVWUXFFLyQGLTXHVGHP
GHDOWRHQSHTXHxRVDUUR\RV\XQGLTXHGH
PHWURVGHDOWXUDHQHOFDXFHGHODUUR\R3HxD
OpQMXVWRDQWHVGHVXGHVHPERFDGXUDDODUUR\R
0HUGHUR/DVHJXQGDDFWXDFLyQVHUHDOL]yHQ
SDUDFXDQGRORVGLTXHV\DHVWDEDQFRO
PDWDGRVSRUORTXHVHUHFUHFLHURQRWURVPH
WURVHOGLTXHGHODUUR\R3HxDOpQ'DOFDQ
]DQGRXQDDOWXUDWRWDOGHP(QHOLQYLHUQR
GHOVHOOHYyDFDERODWHUFHUDDFWXD
FLyQHQHOODVHYDFLySDUFLDOPHQWHHOGLTXHGH
P\VHFRQVWUX\yRWURGHPDJXDVDUULED
GHpVWH '(QXQSHULRGRGHPHVDSUR
[LPDGDPHQWHHVWRVGLTXHVIXHURQFROPDWDGRV
YHU)LJXUD

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FIGURA 1. Localización de la Cuenca del arroyo Peñalén. Se incluye la ubicación de los diques. Las letras a, b, c, indican las escombreras 
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),*85$/RFDOL]DFLyQGHOD&XHQFDGHODUUR\R3HxDOpQ6HLQFOX\HODXELFDFLyQGHORVGLTXHV/DVOHWUDVDEFLQGL
FDQODVHVFRPEUHUDVH[WHULRUHVGHODPLQD6DQWD(QJUDFLDHVWXGLDGDVHQHVWHWUDEDMR
0(72'2/2*Ë$
/DV HVFRPEUHUDV WHQtDQ RULJLQDOPHQWH
WRSRJUDItDHQEDQFDOHVSHURGHELGRD ODHUR
VLyQ KtGULFD VH IRUPy VREUH HOODV XQD UHG GH
UHJXHURV\FiUFDYDV3DUDFDOFXODUHOPDWHULDO
HURVLRQDGRSRUHVWHSURFHVRHQSULPHUOXJDU
\ D SDUWLU GH GDWRV/,'$5 GHQVLGDG GH 
SXQWRV P YXHOR /,'$5  GHO 312$
VHFRQVWUX\yXQDUHGGHWULiQJXORVLUUHJXODUHV
(7ULDQJXODWHG ,UUHJXODU 1HWZRUN 7,1 TXH
UHSUHVHQWD OD WRSRJUDItDDFWXDOGH ODVHVFRP
EUHUDV$ SDUWLU GH HVWH7,1 VH FRQVWUX\HURQ
FXUYDVGHQLYHOGHHTXLGLVWDQFLDPWRGRHOOR
FRQ HO VRIWZDUH $UF*,6  (VWDV FXUYDV
IXHURQHGLWDGDVPDQXDOPHQWHSDUDUHFRQVWUXLU
ODWRSRJUDItDµRULJLQDO¶HQEDQFDOHV3DUDHOOR
VH WRPyFRPR UHIHUHQFLDXQDV IRWRJUDItDVGH
 GRQGH SXHGHQ YHUVH ORV EDQFDOHV DVt
FRPRODLGHQWL¿FDFLyQGHORVUHVWRVRULJLQDOHV
GHGLFKRVEDQFDOHV UHFRQRFLGRVHQ ORV LQWHU
ÀXYLRVGHODVFiUFDYDVWDQWRHQFDPSRFRPR
HQHO7,1TXHUHSUHVHQWDODWRSRJUDItDDFWXDO
8QDYH]UHFRQVWUXLGDODWRSRJUDItDµRULJLQDO¶
VHFRQVWUX\yXQQXHYR7,1/RVGRV7,1
HVFRPEUHUDTXHUHFRQVWUX\HHOSXQWRGHSDUWL
GDVLQUHJXHURVQLFiUFDYDV\HVFRPEUHUDV
FRQUHJXHURV\FiUFDYDVDVSHFWRDFWXDOIXH
URQ FRPSDUDGRV JHRPpWULFDPHQWH PHGLDQWH
HO FRPDQGR ³Surface difference´GH$UF*,6
REWHQLHQGRODGLIHUHQFLDGHYROXPHQH[LVWHQ
WHHQWUHORVGRV(OYROXPHQREWHQLGRP3VH
WUDQVIRUPyHQPDVDGHVHGLPHQWRHURVLRQDGR
0JPXOWLSOLFiQGRORSRUODGHQVLGDGDSDUHQ
WHGHODVDUHQDVJFP/DWDVDPHGLDGH
PDWHULDOHURVLRQDGRHQWpUPLQRVGHPDVDSRU
iUHD\XQLGDGGHWLHPSR0JKDDxRVHFDO
FXOy UHODFLRQDQGR OD FDQWLGDG GH VHGLPHQWRV
HURVLRQDGRVFRQODVXSHU¿FLHGHFDGDHVFRP
EUHUD\VHGLYLGLySRUORVDxRVWUDQVFXUULGRV
HQWUH\
3DUD FDOFXODU HO YROXPHQ GH VHGLPHQWRV
UHWHQLGR HQ ORV GRV GLTXHV GH FRUUHFFLyQ KL
GUROyJLFD GLTXHV  \  VH XVDURQ WpFQLFDV
JHRItVLFDV WRPRJUDItD HOpFWULFD /D FDPSD
xD GH FDPSRSDUD OD WRPDGH GDWRV VH UHDOL
]yHQMXOLRGH(VWDVWpFQLFDVJHRItVLFDV
LQWURGXFHQFRUULHQWHHOpFWULFDFRQWLQXDdirect 
current'&HQORVPDWHULDOHVJHROyJLFRVGHO
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VXEVXHORPHGLDQWH HOHFWURGRV TXH VH FODYDQ
HQODVXSHU¿FLH(OPpWRGRVHEDVDHQODPHGL
GDGHYDULDFLRQHVGHSRWHQFLDOHVHQWUHSDUHVGH
HOHFWURGRVFRQVHFXWLYRVPLHQWUDVVHWUDQVPLWH
ODFRUULHQWHFRQWLQXD(OSDUiPHWURFDOFXODGR
HVODUHVLVWLYLGDGDSDUHQWHȡ
ap



ȡ
I
V
K
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ǻ9 GLIHUHQFLDGHSRWHQFLDOHQWUHXQSDUGH
HOHFWURGRV
, = LQWHQVLGDGGH FRUULHQWH LQWURGXFLGD HQ HO
WHUUHQR
.   FRQVWDQWH GH FRQ¿JXUDFLyQ JHRPpWULFD
TXHGHSHQGHGH ODVGLVWDQFLDVHQWUH ORVHOHF
WURGRV
(O YDORU GH OD UHVLVWLYLGDG HQP GH
SHQGHGHODFRPSRVLFLyQGHORVPDWHULDOHVGHO
FRQWHQLGRHQÀXLGRV\GHODQDWXUDOH]DGHORV
PLVPRV$Vt OD LQWHUSUHWDFLyQGH ORVYDORUHV
GHUHVLVWLYLGDGVLJXHGRVSDVRVLQWHUSUHWD
FLyQItVLFDREWHQLpQGRVHXQPRGHORItVLFR\
LQWHUSUHWDFLyQJHROyJLFDGHHVWHPRGHOR
6HUHDOL]DURQXQWRWDOGHSHU¿OHVGHWRPR
JUDItDHOpFWULFDHQHOGLTXH\HQHOGLTXH
(OVLVWHPDGHWRPRJUDItDHOpFWULFDXVDGRIXH
HO5(6(&6'07FRQHOHFWURGRV/DVHSD
UDFLyQHQWUH HOHFWURGRV IXHGHP(OGLV
SRVLWLYRHOHFWUyGLFRXVDGRIXHHOGH6FKOXP
EHUJHU6HUHDOL]DURQFLFORVGH LQ\HFFLyQFRQ
SRODULGDG FDPELDGD \ XQ YROWDMH GH  9
3DUD FDGD LQ\HFFLyQ VH FDOFXOy HO HUURU \ VH
REVHUYyODYDULDFLyQHQODGHVYLDFLyQHVWiQGDU
(OPpWRGRGHLQYHUVLyQXVDGRSDUDODFDOFXODU
ODGLVWULEXFLyQGH ODV UHVLVWLYLGDGHV UHDOHVHQ
SURIXQGLGDG\VX LQWHUSUHWDFLyQSRVWHULRU IXH
HO FyGLJR 5(6',19 FRQ HOHPHQWRV ¿QLWRV
GHFXDWURQRGRV'HVSXpVVHLQWHUSUHWDURQODV
VHFFLRQHVGHWRPRJUDItDHOpFWULFD\VHLGHQWL
¿FyHOFRQWDFWRHQWUHHOVXVWUDWR\HOUHOOHQRGH
ORVGLTXHV$FRQWLQXDFLyQVHFDOFXOyHOYROX
PHQ GH VHGLPHQWRV UHWHQLGRV HQ FDGD GLTXH
3DUDHOORVHDVLJQDURQFRRUGHQDGDVHQ;<=D
FDGDYDORUGHHVSHVRUGH UHOOHQRPHGLDQWHHO
VRIWZDUH6XUIHU$HVWRVGDWRVVHOHVDxDGLy
HOOtPLWHFDUWRJUi¿FRGHUHOOHQRVXSHU¿FLHGHO
YDVRGHOGLTXHVFRPRFRQGLFLyQGHFRQWRUQR
HVSHVRU   P \ VH LQWHUSRODURQPHGLDQWH
HOPpWRGRGHPtQLPDFXUYDWXUD DXQDPDOOD
UHJXODUGHPSDUDFRQVWUXLUHOPDSDGHLVR
SDFDVGHUHOOHQRGHFDGDGLTXH
(QWUH HO  \ HO  VH
SURGXMHURQHQHVWD]RQDSUHFLSLWDFLRQHVFRQWL
QXDGDVIUHQWHVIUtRVLQYHUQDOHVTXHRULJLQD
URQSURFHVRVHURVLYRVPRYLOL]DURQPDWHULDOHV
\UHOOHQDURQORVGLTXHV\)LJXUD'DGR
HVWHVXFHVRVHUHODFLRQDURQODVFDUDFWHUtVWLFDV
GH OD SUHFLSLWDFLyQ FRQ HO YROXPHQ GH VHGL
PHQWRVUHWHQLGRVSDUDHVWHSHULRGR
/DSUHFLSLWDFLyQIXHUHJLVWUDGDSRUXQSOX
YLyJUDIRDXWRPiWLFRPPSXOVRFRQGDWD
ORJJHU+2%2(YHQW$SDUWLUGHORVGDWRVUH
JLVWUDGRVVHFDOFXOyODSUHFLSLWDFLyQWRWDODFX
PXODGD PP HO SHULRGRGH UHWRUQR HQ DxRV
7 OD LQWHQVLGDGPi[LPD HQ  KRUDV PP
KODLQWHQVLGDGPi[LPDHQPLQXWRV,\ OD LQWHQVLGDG Pi[LPD HQ  PLQXWRV ,PPK3DUDFDOFXODUHOSHULRGRGHUHWRUQR
VHDQDOL]DURQODVVHULHVKLVWyULFDVGHODVHVWD
FLRQHVSOXYLRPpWULFDVGH3HxDOpQ=DRUHMDV\
%HWHWD3DUDHOOR VHXVy ODDSOLFDFLyQ&+$&
&('(;/DGLVWULEXFLyQGH IUHFXHQ
FLDVHPSOHDGDIXH OD*(9*HQHUDO([WUHPH
9DOXHVFRQHOPpWRGRGH0i[LPD9HURVLPL
OLWXG(OSHULRGRGHUHWRUQRVHHVWLPyGHIRU
PDJUi¿FDXVDQGRODVFXUYDV*(9FDOFXODGDV
SDUDFDGDHVWDFLyQ
(OYROXPHQGHORVVHGLPHQWRVUHWHQLGRVHQ
ORVGLTXHVSDUDHVWHPLVPRSHULRGRVHFDOFXOy
DSDUWLUGHODVVHFFLRQHVGHWRPRJUDItDHOpFWUL
FDWHQLHQGRHQFXHQWDTXHHOGLTXHFXDQGR
VH SURGXMHURQ ODV SUHFLSLWDFLRQHV HVWDED VLQ
WHUPLQDUVyORWHQtDPGHDOWXUD(QHOFDVR
GHOGLTXHHOYROXPHQUHWHQLGRFRUUHVSRQGH

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DOHVSDFLRYDFLDGRGXUDQWHODWHUFHUDDFWXDFLyQ
GHFRUUHFFLyQKLGUROyJLFDHVGHFLUHOFRUUHV
SRQGLHQWH D XQ PHWUR GH SURIXQGLGDG 3DUD
KDFHUHVWRVFiOFXORVVHXVyHOVRIWZDUH6XUIHU
(OYROXPHQREWHQLGRVHPXOWLSOLFySRUOD
GHQVLGDGDSDUHQWHGHORVPDWHULDOHVSDUDFDO
FXODUVXPDVD0J&RQRFLHQGRHOiUHDGHOD
FXHQFDVHSXGRFDOFXODUODSURGXFFLyQGHVH
GLPHQWRVSDUDHVWHSHULRGR0JKD


ǻ
 m), depende de la 
composición de los materiales, del contenido en 
fluidos, y de la naturaleza de los mismos. Así, la 
interpretación de los valores de resistividad sigue dos 
pasos: 1) interpretación física, obteniéndose un modelo 
Se realizaron un total de 5 perfiles de tomografía 
en el dique 2. El sistema 
de tomografía eléctrica usado fue el RESECS DMT, 
con 48 electrodos. La separación entre electrodos fue 
de 2,5 m. El dispositivo electródico usado fue el de 
Schlumberger. Se realizaron ciclos de inyección con 
aridad cambiada y un voltaje de 120 V. Para cada 
inyección se calculó el error y se observó la variación 
en la desviación estándar. El método de inversión 
usado para la calcular la distribución de las 
undidad y su interpretación 
terior fue el código RES2DINV, con elementos 
finitos de cuatro nodos. Después, se interpretaron las 
 
 
FIGURA 2. Aspecto de los diques 1 y 2 antes y después de las ),*85$$VSHFWRGHORVGLTXHV\DQWHV\GHVSXpV
GHODVSUHFLSLWDFLRQHVRFXUULGDVHQWUHHO\HO

5(68/7$'26
3DUDODHVFRPEUHUDDHQOD)LJXUDHO
YROXPHQ GH VHGLPHQWRV HURVLRQDGRV GHVGH
KDVWDIXHGHP3FRUUHVSRQ
GLHQWHDXQDFDQWLGDGGHVHGLPHQWRGH
0J7HQLHQGRHQFXHQWDTXHODVXSHU¿FLHGH
ODHVFRPEUHUDHVGHKD\TXHKDQSDVD
GRDxRVODWDVDPHGLDGHHURVLyQDQXDOHV
GH0JKDDxR3DUDODHVFRPEUHUDE
HOYROXPHQGHVHGLPHQWRVHURVLRQDGRIXHGH
P3FRUUHVSRQGLHQWHD0J'DGR
TXHVXVXSHU¿FLHHVGHKDODWDVDPHGLD
GHHURVLyQDQXDOHVGH0JKDDxR(Q
HOFDVRGH ODHVFRPEUHUDFHOYROXPHQGH
VHGLPHQWRVHURVLRQDGRIXHGHP3
0JFRPRVXVXSHU¿FLHHVKDODWDVDPH
GLDGHHURVLyQDQXDOHVGH0JKDDxR
(QWRWDOVHKDHURVLRQDGRGHODVHVFRPEUHUDV
XQYROXPHQPtQLPRGHP3FRQXQD
PDVDGH0J3RUWDQWRODWDVDPHGLD
GHHURVLyQDQXDOHQHVWRVDxRVHVGH
0JKDDxR
6HJ~QODVWRPRJUDItDVHOpFWULFDVHOHVSHVRU
GHOUHOOHQRHQHOGLTXHDOFDQ]DORVP/RV
PDWHULDOHVGHUHOOHQRSUHVHQWDQUHVLVWLYLGDGHV
PiV DOWDV TXH ORVPDWHULDOHV TXH FRQIRUPDQ
HO YDVR GHO GLTXH (VWR VH H[SOLFD SRUTXH HO
VXVWUDWRVRQODVDUHQDVGH8WULOODVPDWHULDOHV
FRQVROLGDGRVPLHQWUDVTXH ORVPDWHULDOHVGH
UHOOHQRVRQDUHQDVJUDYDV\IUDJPHQWRVGHUR
FDVFDUERQDWDGDVFRQPD\RUSRURVLGDGORTXH
VHWUDGXFHHQUHVLVWLYLGDGHVPD\RUHV!
P)LJXUD(QHOFDVRGHOGLTXHODSURIXQ
GLGDGPi[LPDGHUHOOHQRHVGHXQRVP/D
SHQGLHQWHGHODVXSHU¿FLHGHFRQWDFWRHQWUHHO
UHOOHQR\HOVXVWUDWRHVFRQVWDQWHDJXDVDUULED
GHOGLTXHPLHQWUDVTXHHQOD]RQDPiVSUy[L
PDDOGLTXHYDUtDEUXVFDPHQWHDXPHQWDQGRHO
HVSHVRUGHORVVHGLPHQWRV(VWHFDPELRHQHO
SHU¿OORQJLWXGLQDOGHOFDXFHIXHDSURYHFKDGR
SDUD ODFRQVWUXFFLyQGHOGLTXH(OGLTXHVH
DSR\D VREUH PDWHULDOHV FDUERQDWDGRV SRU OR
TXHHQHVWHFDVRORVVHGLPHQWRVGHUHOOHQRWLH
QHQ YDORUHV GH UHVLVWLYLGDGPiV EDMRV TXH HO
VXVWUDWR  P)LJXUD (O YROXPHQ
GHVHGLPHQWRVUHWHQLGRFDOFXODGRSDUDHOGLTXH
HVGHP3 HTXLYDOHQWHD0J(O
GLTXHWLHQHXQYROXPHQGHVHGLPHQWRVUHWH
QLGRGHP30J7DEOD,
/D SUHFLSLWDFLyQ WRWDO UHJLVWUDGD HQWUH HO
 \  IXH GH  PP
VLHQGRVXSHULRGRGHUHWRUQRGHHQWUH\
DxRVHVWLPDGRGHIRUPDJUi¿FDDSDUWLUGHODV
FXUYDV*(9GHODVHVWDFLRQHVGH%HWHWD=DR
UHMDV\3HxDOpQ/DLQWHQVLGDGPi[LPDHQ
KRUDVIXHGHPPOD,IXHGHPPK\OD,GHPPK
3DUDHVWHSHULRGRHOGLTXHUHWXYR
P3VHGLPHQWRV0J\HOGLTXH

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P30J7HQLHQGRHQFXHQWDTXHHOiUHD
GHODFXHQFDTXHYLHUWHDODUHGKLGUROyJLFDHV
GHKDSDUDHVWHSHULRGRODWDVDGHSURGXF
FLyQ GH VHGLPHQWRV VHUtD GH 0JKDDxR
7DEOD,
'LTXH
,QYLHUQR 6HGLPHQWRVWRWDOHVUHWHQLGRV
9RO
P3
0DVD
0J
9RO
P3
0DVD
0J
'LTXH    
'LTXH    
7RWDO    
7$%/$ ,9ROXPHQ \PDVDGH ORV VHGLPHQWRV UHWHQLGRV
HQORVGLTXHV\SDUDHOSHULRGRD
\WRWDOHV
',6&86,Ï1
/DWDVDGHHURVLyQPHGLDGHODVHVFRPEUH
UDVHVPX\HOHYDGD0JKDDxRDXQTXH
VRQYDORUHVVLPLODUHVDORVUHJLVWUDGRVHQRWURV
DPELHQWHVPLQHURVVXMHWRVDHURVLyQHOHYDGD
/DVFDXVDVGHHVWD LQWHQVLGDGGHHURVLyQVRQ
P~OWLSOHV  ODV HVFRPEUHUDV VH FRQVWUX\H
URQ FRQ PDWHULDOHV IiFLOPHQWH HURVLRQDEOHV
HVWpULOHVSRFRFRKHVLYRVVHFRQVWUX\HURQ
PHGLDQWHYHUWLGRGLUHFWRVREUHXQDVODGHUDVGH
JUDQORQJLWXG\HOHYDGDSHQGLHQWH\QRVH
DSOLFDURQPHGLGDVH¿FLHQWHVGHUHVWDXUDFLyQ
/DLQFLVLyQGHUHJXHURV\FiUFDYDVVHLQL
FLyFDVLDOPLVPRWLHPSRTXHODVHVFRPEUHUDV
HUDQFRQVWUXLGDV
eVWDVVyORVHUHPRGHODURQPHGLDQWHWHUUD
]DV FXDQGR IXHURQ WHUPLQDGDV HQ  H[
WHQGLpQGRVHVREUHODVXSHU¿FLHGHODVEHUPDV
XQVXVWUDWRFROXYLRQDUTXHIXHREMHWRGHXQD
IDOOLGDUHYHJHWDFLyQSRVWHULRU
/RV GLTXHV KDQ UHWHQLGR VHGLPHQWRV SUR
FHGHQWHVGHODV]RQDVPLQHUDVFRQHFWDGDV
FRQODUHGÀXYLDOODVFiUFDYDV\ODV]RQDV
VXMHWDVDGHVOL]DPLHQWRVVXSHU¿FLDOHV\HO
UHVWRGHODVXSHU¿FLHGHODFXHQFD/RVFDVRV
\VHUtDQFRQVLGHUDGRVFRPRµHURVLyQQDWX
UDO¶1RWRGRVORVVHGLPHQWRVHURVLRQDGRVHQ
ODFXHQFDKDEUiQOOHJDGRDORVGLTXHVDOJXQRV
GHHOORVKDEUiQTXHGDGRUHWHQLGRVHQLUUHJXOD
ULGDGHVGHODFXHQFD3RURWURODGRHOYROXPHQ
GHVHGLPHQWRVHURVLRQDGRSRGUtDVHUVXSHULRU
DOPHGLGRHQORVGLTXHVGDGRTXHpVWRVTXH
GDURQFROPDWDGRV\SDUWHGHOPDWHULDOPRYLOL
]DGRSXGRLUDJXDVDEDMR




Beteta, Zaorejas y Peñalén. La intensidad máxima en 
 
FIGURA 3. Secciones de tomografía eléctrica interpretadas. D1S1=Dique 1 Sección 1, D2S2=Dique 2, Sección 2. ),*85$6HFFLRQHVGHWRPRJUDItDHOpFWULFDLQWHUSUHWDGDV'6 'LTXH6HFFLyQ'6 'LTXH6HFFLyQ

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(OYROXPHQGHORVPDWHULDOHVHURVLRQDGRV
HQODVHVFRPEUHUDVSDUDDxRVHVGH
P3 XQDPHGLD GH P3DxR(O YROXPHQ
WRWDOGHVHGLPHQWRVUHWHQLGRVHQORVGLTXHVHV
GHP3SRUORTXHVLODVWDVDVGHHURVLyQ
GH ODVHVFRPEUHUDV IXHUDQFRQVWDQWHV ORVGL
TXHV VH FROPDWDUtDQ HQDxRV SHURQR IXH
DVtVHUHOOHQDURQDQWHV&RQVLGHUDQGRDGHPiV
TXHODFXHQFDWLHQHRWUDViUHDVIXHQWHGHVHGL
PHQWRODFDSDFLGDGGHUHWHQFLyQGHORVGLTXHV
HVPXFKRPHQRU TXH OD SURGXFFLyQ GH VHGL
PHQWRVGHODFXHQFD\TXHSRUWDQWRVXHIHF
WLYLGDGSDUDHOFRQWUROGHODVHGLPHQWDFLyQHV
PX\OLPLWDGD
6HFRQVLGHUDTXHODSUHFLSLWDFLyQDQDOL]DGD
SHULRGRDFDXVDQWH
GHOUHOOHQRGHORVGLTXHVQRHVH[FHSFLRQDO\D
TXHVXSHULRGRGHUHWRUQRHVGHDDxRV
/DVLQWHQVLGDGHVUHJLVWUDGDVWDPSRFRSDUHFHQ
GHPDVLDGR HOHYDGDV 3RU WDQWR VH FRQVLGHUD
TXH OD HURVLyQ \ HPLVLyQ GH ORV VHGLPHQWRV
SDUDHVWHSHULRGRGHHVWXGLRVHGHELyDOHIHFWR
GHSUHFLSLWDFLRQHVFRQWLQXDGDVTXHVDWXUDURQ
HOVXHOR
/RVYDORUHVGHWDVDVGHSURGXFFLyQGHVH
GLPHQWRVREWHQLGR0JKDSDUDXQPHV\
0JKDDxRHVPXFKRPD\RUTXHHOYD
ORUGHHURVLyQPi[LPR WROHUDEOHDFHSWDGRGH
IRUPDJHQHUDOWKDDxR3DUDLQWHUSUH
WDUHVWRVYDORUHVHVLPSRUWDQWHWHQHUHQFXHQWD
TXH ODPD\RUtDGH OD VXSHU¿FLHGH OD FXHQFD
WLHQHXQDHURVLyQREMHWLYDPHQWHEDMDSRUSR
VHHUXQDGHQVDFXELHUWDYHJHWDOSRUORTXHHO
PDWHULDOSURFHGHUiSULQFLSDOPHQWHGHFiUFDYDV
\HVFRPEUHUDV
&21&/86,21(6
/D FXHQFD GH3HxDOpQ SRVHH XQD HOHYDGD
HIHFWLYLGDGGHORVSURFHVRVHURVLYRV\GHÀXMR
GHVHGLPHQWRVKDFLDHOUtR7DMR7RGRHOORSD
UHFH HVWDU FRQGLFLRQDGR SRU XQD HOHYDGtVLPD
HQHUJtDGHOUHOLHYH\SRUODH[LVWHQFLDGHDÀR
UDPLHQWRV GH ]RQDV GH VXVWUDWR QDWXUDO PX\
IiFLOPHQWHHURVLRQDEOHFiUFDYDV
/RV GLTXHV GH FRUUHFFLyQ KLGUROyJLFD QR
WLHQHQ FDSDFLGDG VX¿FLHQWH SDUD UHWHQHU WR
GRV ORVPDWHULDOHV HURVLRQDGRV HQ OD FXHQFD
DGHPiV GH SUHVHQWDU OLPLWDFLRQHV SDUD OD UH
WHQFLyQ GH VHGLPHQWRV WUDQVSRUWDGRV HQ VXV
SHQVLyQ(VWRSRQHGHPDQL¿HVWRVX OLPLWDGD
HIHFWLYLGDGSDUDHOFRQWUROGHODHURVLyQ\GHO
LPSDFWRKLGUROyJLFRGHODFXHQFD
6HKDREVHUYDGRTXHORVHYHQWRVGHSUHFL
SLWDFLyQFRQWLQXDGDFRPRHORFXUULGRHQWUHHO
\HOFRQDOWHUQDQFLD
GHQHYDGDV\OOXYLDVRFDVLRQDQXQDLPSRUWDQ
WHPRYLOL]DFLyQ GH VHGLPHQWRV 0JKD
SURGXFLpQGRVHXQSURFHVRHURVLYRPX\LPSRU
WDQWHDXQTXHODVOOXYLDVQRVHDQPX\LQWHQVDV
/D PLQD 6DQWD (QJUDFLD DPERV IUHQWHV
GH H[SORWDFLyQ \ VXV HVFRPEUHUDV FRQVWLWX
\HQ ODV IXHQWHV µQR QDWXUDOHV¶ GH VHGLPHQWRV
GHHVWDFXHQFD\DSRUWDQFDQWLGDGHVPX\HOH
YDGDV 0JKDDxR3RUHOORFXDOTXLHU
DFWXDFLyQ GLULJLGD D µUHVWLWXLU¶ XQ EDODQFH GH
HVFRUUHQWtD \ VHGLPHQWRV µQDWXUDO¶ HQ HVWD
FXHQFDGHEHUtDSDVDUFDVLH[FOXVLYDPHQWHSRU
ODDFWXDFLyQGHUHVWDXUDFLyQHFROyJLFDHIHFWLYD
GHHVWDV]RQDV
$*5$'(&,0,(1726
(VWHWUDEDMRUHSUHVHQWDXQUHVXOWDGRGHORV
SUR\HFWRV5(0(',1$/\6$0%
 \ 60$( \ &*/
&/D FRQWULEXFLyQ GH , =DSLFR
IRUPDSDUWHGHVXEHFDSUHGRFWRUDO-$(3UH
GRF&6,&/RVDXWRUHVDJUDGHFHQODD\XGDGH
ODVPXFKDVSHUVRQDVTXHKDQFRODERUDGR
5()(5(1&,$6
&('(;&+$&&iOFXOR+LGURPHWHR
UROyJLFRGH$SRUWDFLRQHV\&UHFLGDV&HQ
WUR GH (VWXGLRV +LGURJUi¿FRV &('(;

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0LQLVWHULRVGH)RPHQWR\GH0HGLR$P
ELHQWH
0DUWtQ0RUHQR&=DSLFR,1LFRODX-0
0DUWtQ'XTXH-)/XFtD$\6DQ]0$
*HRPRUIRORJtD\JHVWLyQGHO3DUTXH
1DWXUDO GHO$OWR 7DMR  (VWLPDFLyQ GH
ODHPLVLyQGHVHGLPHQWRVGHODFXHQFDGHO
DUUR\R3HxDOpQPHGLDQWH586/((Q
%HQDYHQWH-\*UDFLD)-(GV Traba
MRV GH *HRPRUIRORJtD HQ (VSDxD 
6(*&iGL].
5RPHUR'tD] $ $ORQVR6DUULi ) 0DUWt
QH]/ORULV0 (URVLRQ UDWHV REWDL
QHG IURP FKHFNGDP VHGLPHQWDWLRQ 6(
6SDLQ$PXOWLPHWKRGFRPSDULVRQCate
na
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